
.AT 



( ... Q^sq^q^rri©^^ 

.(jfea 




V 

g 
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j^^LiaJl fJLCLt fldU UaIIc j!aa1I ^-al Jill 



hpjHfxepf - c 

e DO£_2 - : AqECplDQjfXg^ 




z 



Industry Standard CkCSSLz (? 



(Department Of Energy) yfeafc|^affi(5a^% l^/f£ii<aftYl OgjUilGg Qg§t> 



? ^Tqfi&D^ ?e^(^ g^mm 

j /BR /p|-7^_(i^_^S6^ 

.Finite differencr (p^paa^ 




jaS^Life Cycle Cashing Q^CftYl I dja^ [§0^ (|^^i^®Oka £g 




;UText ModeC (0$ ^(^(I3p6j rtj&JDOE_2 J 

.a; 




^ iWliOii^fC^aS U.Tcpt^l4»g M:§?^ vms ^nix_lTq|BQ8j a 
. E q^^<0^I^CSgui (J^EpS (ioTqa KS2^±!/i^\ 

G^g YlVpGB Batch Processing (off^ (BgQg f a 7^UB^MV C 



1 Lawrence Berkly National Labs, Simulation Research Group: Overview of DOE-2 
http://gundog.lbl.gov/dirsoft/d2whatis.html 

2 http://www.eren.doe.gov^ildings/tools_directory/index.cgi 
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^ji.LLall fAAi adU UaJIc j!aaJI ^-al Jill 



z rsM^ca^ OS @z iM KH(©U^ liHpflacb£l«6 0^doe_2 ^Jkfe 

l^az^Jk 

(^U?CHV ffi&Knfe j rj«fc kdo^yl^ ?Wi da£ $ tijj km 

dd^dg (MS idOT^pGg AS k\£$ <^*^I3 3t£^D 

KOaMSflAM^ai^S giidjp doe 2 3ia*(Ji#qa) riiR hi|/9£ 
6^a^Yi£^'alE(5b/Sj rfe^ visual doe ^iz doe cfc^OS k^cp 

.6T<aRHie 

(ji^j^kachDOE 2 j_Udal%Efc ^Togafe^^Dnz b^TTtliz 65a 

y^JE^ o^CJ^g^ifc^J z^ ^<|ra7B& 0? J n&i- D 

d&^a?^LT<pb^?<^a6z^ ^ao^gogyfe p§ lij^Eft 



g^ilaBicOfez (Jj| g#D g&^<2&-?t$ UFortran G^^ v _tfp-_d 

j <<3g r|§lJ)r^i^nai^^?U^ (^adQ|(y^J»to?Ei> 
(IBag^it^f kf j Izgj LAo llfrfbKEI^ (Text) <3§| Q^gjd^gae 

J l#6QC^g^a^J( Object Oriented programming A)^tft&&j5d$ Z QKEa 
. kt 3^|€k3§ riE^k^g ^Gtomponent Oriented 

6^B«^ll^3^ rip U bft&r 

(55 rv>t$ Ujava $lfc++ CSU^g gfBB^tedoy 

. ( cccc $ 0»^§BN§<^«tti^^ 
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j r^|%BLAST 3id£^B|^_UD0E l\K^cz_^Jct ^ n<aoL&g Gg§ 

OS @G2& E Apl^^&6lE)2^t)^ (^Fortran (SBfe^a 

dQ| Cfej dO^il <B6 ?^ loCEa^pZ (fli^ia E § Cfeatch Processing 

$DOE 6t#^@?^li(ateg4ShRa5H iMZ^J l#felDOE (SpGH 

ll| Oipgyfcf ?oi?li:>f n^tjb CM Je| Ublast 



G5j /p>^Qf r^>fea^?dll6^lBlO@i^ayz fEMlftr^a 



- : doe JWiE0WW$£ 

CBuillg^r ?£Ckh^ Udos aSk^qKOCBSj ©gMa^tiZ^ (JM\ 

DEC VAX 0pltiD<S5§Unix Q$ k^Cp^pkj^ Sun LNext UBMRS 6000 
KOU MainFrames or Minicomputers (2ll^ (S^pg M&dg M?t&<M 

. vms CB kyfep 
-:l 




■J 

z MJEkg(|£ry 



c 5^1 dcaGB 



X \\ ■ V m U 
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j^^LiaJl fJLCLt fldU UaIIc j!aa1I ^-al Jill 



blast izucJ : /^qa^iDizifAg^ 

Sjuilding Loads and Analysis System Thermodynamics 



rife^ Ygct3iKeYa^<a?X 




eYa^iijfeD 
aa>l^(2i^i^^LlCfc 

§ OGb?0£aj Icagf a%pS|KeYa^ 




AK$g 



m^ma^d^j aO^Cfig 
; t 48 c^_iig$g ^ AK^kaigf Jt. 
<fi j aKjka £111^ liCQft A^?EtT at M q^0|^!^aa Ek£ 



. dMl& j&KBfc^L OpBlipt Mcfry j^^ail^a^t - C 

a$ u£0lIDMePc^5 CB z pl^aoS|2^ D 
hi(i5l^?EtT®t/i^ 



1 http://www.eren.doe.gov^ildings/tools_directory/index.cgi 
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E ftl%o|>j a^L^BtilOz ?J^^he^MAK>tf nfp-D 
(Mar $ M^L^ dpSS^ffip^ (pi^Hjag A^pRj^Swfef § 
. M5 ^ftMiK^M^^ g A/fc^at&p?^ d#fLd2$ 

-:iju|op(ijaw 

.gl^pctiPj ?£teg&KEp- l^oU^Qfr^Cffifei^gYfip^Z 

-: KTuqf 

(l^AjM^FaW J^ttOt; (MapS g#^6i J r#K_eYee 
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Energy + c 8 uCSlfA: £CPjglD^£XC3j£ 

z 7t^^^^^^^^%\~^^^tJ^Mji'^. (e +) aYae 



\\ .J- t-V 



DOE-2 BDL 
Input Files 





BLAST Input 
Files 



Input 
Data 
Structure 




EnergyPlus 




Zone Conditio ns) HVAC 

Integration 



Heat 
Balance 

LoadS ^ nuate^cd^-k | Manager 

Module \J wiih 

Systems & Plants 
from 

DOE-2 and BLAST 



Output 
Data 



Structure 






Q Energy *^ 
^ Pollution"^ 




1 http://gundog.lbl.gov/dirsoft/eplusmerge.html 
http://www.eren.doe.gov^ildings/energy_tools/energyplus.htm 
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KeYaBC- ^'ct3!mPi^^(igyWig l&^z 4#b ^TiCi^CRftay- c 

. ESPr ^ 

comis SUiEH^fflCK^Pwindow 4 





fta? YiaKp 7)pE^'a &g - d 
g aapusiz ttoo^aa ^^iD*®- E 

3iJ(Spaq^(S^ ^ C^g BoWl^obz^qftj aj rikaohc+ Q<$-C 

KeYa|c- ^'daf^cM^R \m\k\Bm^B(^ § i 

l2§Ta(a#j (|& Aeflpz 6V&_d^a\^^Tcpip6^ UUfsqa 
AH /\r ?0&^|_ Op®? EteloSOkj Q z^cfcSS? B^?e^ia3 (GBQ cbite 
?5 gffepg ASO@j URg z C^g^dD^a^^g^?^ 

.QD2|a 

Ul ©Sb*llUj §C|f e+ j (So 



1 http://www.eren.doe.gov^uildings/energy_tools/energyplus.htm 
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(Sp j /$ Ge^ Kgrada^ Q^M^p^QaJ ride 



Legacy 
Code 

\pulput/ 



Stage 1 




New 
Structured 
Modules 



Stage 2 



Verification/ 
Output / 



\ In^t j 



Legacy 
Code 



New Input 

Data 
Structure 





New 
Structured 
Modules 



.Output 



Stage 3 



^Verification 
\ Output / 



New Input 

Data 
Structure 



New 
Structured 
Modules 



New Output 
Data 
Structure 

Static 4 



Sf ^3as0f&%H rise t6$3^0@£B ^ 
0g^^_/|l5J^a^Ji%* ^Q[ccCv^_(a^_j tfpSLia^ /fen* u 

GDg AO Ufeeta tester J \M®?^dDit@ddMfa Beta 2 

?L3Saac 
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c Derob-LTh J= rfjq 



- - . ~~ K 



6$>Ua£g je££Ao 




a£lJ^UE£T&/fif^ (^sqaLTc#T ( g|l^^(a v rift 



fc|^aYUa3^3a^ 



.lO^ch^CMpZ^rt rip) Ut^om 

-:LptQZZ 

0jpaS kyfep^ (iMOE Ufepn* QTe $i@a3[$- C 

D 

^?EtTMqa<$a£g-d' 



-:u2ll|flrfJDZ 

NT vTcrfWindows95 &E$fl^ 0SJ<vis6_MV?^ ?Oft /Ee/| ?^ _Q,M\ 

- : I 

.IdfUtik 




1 http://www.eren.doe.gov^uildings/tools_directory/software/derob-lth.htm 
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.g^fclltefep z^Lbxceii 



HfZlJtiQjDZ 

g \g&B0ffiMkg$ >p^%» (Ida BBjjftQa^t j rfjft- C 



J rispe 

. ? B&g m> ^& <$b ^ z fsM^k^Mi^Woc^^® 
(ICbpSj a3i6ii^l (gSb*llU( a^ioSS?^ d^^affiiqak EjS-O 



: HFuGl 



£XJ&I >l j $ ^€ap^« ^ 3uM^ E tl 



qa3iD^ 
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Flovent C l(Jfi6 



_aQ£aj rjS3Efe/§2| Flovent K/^gj f#e 




20 21.5 >23 

Temperaiiire / °C 



(d-'qaa 



$ dp(Mj C&JM z ahfegfed^ U®9® Flomerics (EOKFlg (M 
. 0^ J rij^CEEE $ z Flovent 2 jaf^EqiriUg £6 /% UEBee 

(Jie^^^ L ^Ote^li^ati] rMa%Dr^^aQ[^p^ D 



1 http://www.flovent.com/ 
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■?t$ Predected mean vote (Sft) ^S^Mi^ C8&£j^2| /fcgMaz 




^S^HkdiCjQSj (aihfeg AJT?^ Gh^Computional Fluid Dynamics 
QB \^C00<^SS^^i g /fel§ ?YJ ^JJUnix Work Station E Q$Qg k 

. WindowsNT 

.(gA/Mld'- c) ?t#zyMKt3iMto) 

chDi MJSolaris or NT CSl^P^png^g S^_aWCSaS @Tq? 
^Mpgyfep^t^gMia?^ ^LDos cb&H«jij riis^rt 0M<^ 

.(jQcp 

diDOE, BLAST J rieEOfe Object-Oriented Programing 0$$&Mj 
(^(Ma^jiloTc^^^^p^gyfe?^ l^flfeaz gfe 
.O^?/^ gffe)^fl^j r$fl60i AilSjfflP^gal(?bOpen GL 
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-:MiAqj»2j8UE 

aM^llDrjkfe^ 

^a©^ ^Sfy IHRcas ^ a ?J aBLffiS|ffi5 ctwpo^ 

^TakaM^cpa^g UgUBoundry Layers g^S A0^£ A GO 33 



-: »U -> 
- : A&Uc Sj^Sf -Y 

-ji^ijjlaj ^W^li Jjluii t-uij^ (> J d J * J ' c^! £^ s->^j^t 



_. 1 ijj<".ti CjIJxaj '"■l > '"'< - ^Jfr AJIjl^l _ £ 

%/V #lC£j6Sb^ gy^da^rral^i GO 5 

.aAS 
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?^ Oc^K>Zf Ufrt G*^f^£)n*?difc ^| [z da® 
O^CJ^/^^lolCk^ ?thfe?^a?^ 0iipto^ a?3fta 

!!)^)z]fea0®^t(a^3k 

Q^KS^aoCg l&yi^ Owind Tunnel ^e^q^kctaCfc lld$ 



C^(pj d^la 0<§£ 4 Bftlg fell ?_D4a^a_cgVfe 
G^db^gfEj g^q (EMJK^d^(SIZa^j LMMrlMx|J%EI^ 

jaofe£t(^UK(agJ^ do4^ Oib^d^ajrra^ (MCRlliffiCJr 
JD(^ L (^?^ao^^^yWi^3&PA6i (Sty r^og^fto j 
o$)j a# 13 CB^s0ac^ qao^C&?dfeag 13 Ubifchft 

LB:Hib%3j fc^JUytfrri dplk CEEdgf E^yfeOH®iS0l^a a 

.(gyMjb^qa ^6 

daaVt a^BQS #t^Qj§ <S0?W$ Qpq^iB|>BEaK^j rtfjaSUeeC 
1 /6 ?t^S@o^OltC)ta(E^E $ 7 Kl?^a?^ g ^a 
If E^jb#a?^ iil^e^rrad^ a /lg 

tz gg$ ^E^d6^?jli^J<Sij ripA& CD rv c 
az muai .mo^tom ^ ^^^^/^&|(EE(pgf 
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^ji.LLall fJLOj fldU UaIIc j!aa1I ^-al Jill 



16 R^NfeyEIIJra^CpClw 



■ v iiw " O 




g /^vmsBs G@£ K^j UPU? tfp^ ?<<3 ?06l < 
^JM iee rf/^fecfe gftga^ lfettC)n<3^|Convergence (^a 
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Radiance c 2 d^Ci 




(<jqo& 



i an 

gife/fcgWM^ 



g m6&Dm^&dMSp S GO apl^^ag 5 g$ qag /^(H 

a^J l^? W?3P£z V 1 ®!^ (Rendering^ efefto(3^ 
(lOBS^^n^UK^^ z QAI[JaO®^(|^C)sir 

.OffeZ 

Z 




ytgz Gpa-C 
3aftnUc 




n^GJfa an?UB0d6£-d' 



j nfij&D 



mar 



1 http://www.eren.doe.gov/buildings/tools_directory/software/radiance.htm 
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-:luCB|P 

doDXF g^asfeif ri^^#qp%_gy^6^o^^J^ 
gfegtfjaS^ Vision 3D £M j >l J r#ja^ Gft j al^J 

-:IJHP0I|P 

^aiMEc&^ap^ 63 car 

Dos 

- ■ EtU 

fc<f3a^#^a<5pa^^ 
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1 :- COMIS o-^jS 




^aOKPn.} fife g^^^a(3D|^dd^ Q3k^(3&0foJ 
^(J$ rmTMfil^jp^^ ft (Batch) g^(fi£C& (pGS&^IA C 



1 http://www.eren.doe.gov^ildings/tools_directory/software/comis.htm 
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Building Design Advisor BDA - : c Ajtf)£iDI2 ffiteDZ 

dr^\%§§^gMfaMz LtOt^ofll^C^o^ tSap^^n} rip? 



UC A D j rie^AleMj n^pi(^ h^Om^^M^m>Q^^ 

utoCAD 



r 



Schematic Graphic Editor 



File Edit View Objects Window Help 



r-MDl I JfcJ ^NH ::::KN Ml Current Storey: | First Floor 



□jx] 





For Help, press Fl 



Grid Snap: 4.00 Grid: On X: [72.00 Y: 96.00 Z: 1 10.00 




z jdjl 



1 http://www.eren.doe.gov^ildings/tools_directory/software/bda.html 
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.t^/^qp^j ngpLR/V&o 



I Decision Desktop 




Solution 1 



spatial workplane 
illuminance for 
Conference Room (ft) 



temporal workplane 

illuminance for 
Conference Room (ft) 



total energy use for 
LBNL Headquarters 
(KBtu) 



monthly energy by end 

use for LBNL 
Headquarters (KBtu) 



monthly energy by fuel 

type for LBNL 
Headquarters (KBtu) 



ifflli HI 



2 i 6 3 1D 12 



2 i 6 S 10 12 



WufDJptpZtt 

c- D o e j rijaBp^ Elftig aSi£^ L (^^ao^^Q^^pS^ nfeeb. 
)d^^TTa(l%a^UadianceR Ei^^^^^(^tmM® 

. IcomisBUD&^A 

z 



n 




^ L (aBD A J HS^l^MBikam z 

V 

g 

L(B^ lKhBl>|gftPaK($ CEEd'$ z$ 
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5vTA(?X?0SiO bject Oriented Programming ^y^drj3caa 



=. Building Browse 




Solutions: (solution 3 

- SAN_FRANCISCO 
bi § LBNL Headquarters 
H -Jflt Dist_Sys_3 
i H Healing_Plant_5 
* IT] Cooling_Plant_7 
+ B Default Zone 



Views 



H ^ ground floor 

ground tloor Plenum 
- Conference 
B & WallJ8 

B [jpl Ext_Wall_Seg_25 
El / Finish_27 
.-: pi Window_45 
[0J Frame 
r^ Glazing 

Ground_Surface 
ll^l Construction 
A (f Wall_19 
J jf Wall_20 
ill J Wall_21 
T |^ Plenum_Boundary_22 
ft (jl Ceiling_23 
33 |jP Floor_24 
H Roof_49 

Q Hourly_Schedule 
! £^ Monthly_Schedule 
j fe Lighting_Control 
^ Thermal_Activity 
^ VisuaLActivity 
Q Hourly_Schedule 



Parameter Name 


| Value 


| Unit 


I Type 


Source 


|~1 ,§ heating_setpoinl._temperar.ure 


70.00 


degfF] 


Descriptive 


CEC TES 


f~l _§ equipment_heat_to_hood_ratio 


0.00 


% 


Descriptive 


BDA 


I I _§ min_outside_air_per_person 


5.00 


cfm 


Descriptive 


ASHRAE Appl 


H iS l_hting_power_density 


1.80 


W/ft A 2 


Descriptive 


ASHRAE 90 1 


[__ i§ air_volume_fatio 


94 00 


% 


Descriptive 


BDA 


[ | ^ miscellaneous_heat_to_hood_fatio 0.00 


% 


Descriptive 


BDA 


H _§ ligli t_hea t_to_space_ratio 


99.50 


X 


Descriptive 


IESNA Hnbk 


I | ,S heating_setback_temperature 


63.00 


deg(F) 


Descriptive 


CEC TES 


| | L S workplane_height 


3.00 


ft 


Descriptive 


BDA 


H i!M equipment_power_density 


1.00 


W/ft A 2 


Descriptive 


CEC TES 


I | _§ ventilation_rate_per_person 


20.00 


cfm 


Descriptive 


ICBO UBC 


I | ^ area_per_person 


15.00 


ft A 2 


Descriptive 


ICBO UBC 


Q __} cooling_setpoint_temperature 


78.00 


deg(F) 


Descriptive 


CEC TES 


I | miscellaneous_power_density 


0.00 


W/ft A 2 


Descriptive 


BDA 


| | _§ cooling_setback_temperature 


85.00 


deg(F) 


Descriptive 


CEC TES 


n occupant_orienlation 


0.00 


degree 


Descriptive 


BDA 


I | ho t_wate (_use_per_person 


0.00 


gallons... 


Descriptive 


BDA 


|~1 £ gross_area 


960.00 


ft A 2 


Geometry 


k_papamichael 


□ IB gnd_step 


2.00 


ft 


Geometry 


k_papamichael 


D f_ volume 


8640.00 


fT3 


Geometry 


k_papamichael 


H ^ floor_to_ceiling_height 


9.00 


ft 


Geometry 


k_papamichael 


__] __! temporal_glare_index 


C:\BET... 




Performance 


DCM-ECM 


__] i§ spatial_workplaneJlluminance 


C:\BET... 


fc 


Performance 


DCM-ECM 


|~1 j§ spatial_glarejndex 






Performance 




FT1 <B| month[y_electric_lighting_savings 


C:\BET... 


%(0.0-... 


Performance 


DCM-ECM 


n jB tempora_workplane_illuminance 






Performance 




|~1 ,§ annual_electric_lighting_savings 






Performance 





J3 




,ecnaidaR ,c-Doez (S@gl^(S dag%az Jrjfe 

z J 



V — — » - 



■J 



cfctKOao^ d6$ br^lotOt^gpl^aC^az ®?t#(B<$^a$«)@ 

a 



I comisyted&^^cfecutflEiU^ #0By4 L Q^B^' 

j ud iMS) VUOB^mg z \^BSLcMt-p oe dai^h^z ^TTa(l^ qfe 

.LK|«gz j jpBiet($(^pE 6^a 
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Lall ajjj UaIIc ojal jlall £e-<iI^)a]I 




.1 



.^jj^l ^jjAj] ^j^Jl Jjlaol! -t 

.dS(pi 



~<ap^z UOjag^nS^ zj^ 

.OS GO ^aCB^S ^Toi3i^(^t- U 
:J n^)6?E^£ph a 
§B ^T^y^^l^^^- 0DZ 



(^/0kc£ ife D A 8 ArfV § M GO ^c- Doe ?^ /fepfv?^a6^®Oig 




.7 



MJ&GMbui kW^Q^$?rv$^ (Mar GcaBDA doi$ji#£q| 

.f ® 3&c£ KH® K($j UGr %smdodfe iSfccp 
M®S3i(^#?iSLz K^Cffl'BLCBed D A (£^z ah&e 

3$ C|3$aj ralci UOfta^j ng($ 
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/fe^j OS B D A J rfeCl \mfe &$fcz (^KHBUilldkKgp 
GEV&SLj K(Je<3|?H|ej rjfc&LBDA 6_<^BPh^_z (Mpn, 
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-d' 



?^ #^|frt$^@J rise yl^S (ji^/^pcb^ 

.^PS^OQ^IIj rtfc^afeCD aTiCZa^dS^.aYuqa 

j Ukg z _6t#^@^^(?n^^f aUft OfoZ^ ^k?J| 
.(t^ldi^a^dip^ 

>BE^n^|a^3 z llaCECIpL oltr 5 Kg| PtGiloE®^? 




z 



l^z Ltqji 



(S3 j ^0£U&^?^W| L^Qi^/gfe ll^(I^d^a3^ 
CqPtCB-lOpS^E ^ iMx^^ MSfe GOB ?nfe|0@ 




B^aWacldbGin^OtMiMi^ aC^^^i/B : 0^a^ rika_ 

dQ^UBDA b^|ap^(@n£^3>T>feftej r#e 

.A-alLz azTJrJi 
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j $Rnm^K^pr(2^g^ a ^ g % c§a z j ifch$ 

aA^iiK^<E § bipz (^^Gp^K^L . ?EfetGiibfE - c 
pi^LCHpgSHva^l.a z (J$atf$iac£ 2^ U^?[ilpe 

kl^^ag A^yfe^ (Mag/^l^(^0fo3^ J r«|C^e 
?^a^®3iM£a6^ l3|ag $|§foft g A^a3iD%(ik) Jrie^J^^ 
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L-fljjIali 4^£UI! ^LUII ^A^ai! Cj|jJl5- 

?Sfa?^^^tog^a^^ z (Jpy ritao I^a\E#a| 

.(^tacb/M<2\ 

ip^^e j /I QaSiaK^?^ M/BMcbO€(^(|E^@?r z4§ 

S^ag/^a^^^ 

^<ao i^a^llD^lSLz #£k£^f ol /^ag^n^i^l^S 
j iiffl^Oc^(^(l^gTa ^a<±!^^ (X) t|83L j p<±y y| Uj 

? K^GBidaa Yae DSjfe &ft a V# j $5ffia?T h § Gp$fe 

O^^^biu . (Mag l^^rac|^)^ ^eWP^prplM lee 
3& j nfp?^ Kf G^g/^M(X3 z^WC^CK^da, 

(BM/Sk^Iq ida# « ^ysg| gllQ £m a^Qgft^W ab 
(M^_gM:az Q/|jf a^^cbjfl^ 

g>MiW^ rell^gy&puio l$rili 

?AoaJUJ| qa\ jjII I^aUsj ^ail illuliaVI tibial <»i c^Ia^ jjjki 

cht ^Ae^r^afcJ daffiigQE Ifr r^lO^t j n^^JkG^Q U 
.?i^lO@6l z (JlMi^ j^yqactagata 
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M) z j Cd6£ $ r^a 



^GtljM odules) k g%aR ye Ql&J<$Wij r^#ra- c 



MniA^ j ^Q\j Uta?Ulj <C$ >K8»z M*| UljfevJ rifcs$ J ^ \ffi& 



^Alult ^jonrtlU (Jjj^a gt*aUjJ ^ji nl AoLaxj) (j^jAJt 




(J|^)(Mjg^ ja^KS^a^^^aakfej^So GOn^bXDft 

. a^sa fef ag 3k 3$ ( UOft /£$t y^J^fe^j n^®w 

dog I Cky^l^acbiR E^tt^fc^^ 



f fOOaz W^jUfe6l^a^36GO^t#az^u*>^^ 
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HCk^j Bo Ij MpSL IJWa% CrtDED afetOrp 3Lt ^ t; d6£ 

"tdQC^A^SLa^z /peg Cd^^nfp 




?i^|JO@CD a3iJCW^I^6^L aa^Qgcb^a^ajSL CDt?GbdS^ 



OOa aAip jkafaXl^ j Bq (AHj^efriJ ^aaV| z K®_00 ae£K 
Cfl3|g3h ^[ aj MJmeffiy M> #(^\iroclainamics ^a^a^^JC^Sa 
. ktim^Q 6a BL§ ^Sfe oYsos E tl icMj (2^3T6ji6l%^A6 

efeallo^ n&i6E^933V3^^ <^e$S% >l 
jaGpag aefi^achAK^ E tl <a(i^ oYscpa £g ® 

Design jjijto (itSO@ #^6 (M<6 r^Gi^ System Analysis (LTA 

J r^3^y4r^?hJp,tOta 
|[ a(2p&gX a^O^^M^Bga/^tibcl^ Z $ & & 

V 

■J 



145 



